The rapid fall in ovary weight that follows hypophysectomy in immature rats may be pre vented if a tablet of stilboestrol is implanted when the pituitary gland is removed. Under this treatment the number of ovarian follicles greater than 200ft in diameter is significantly increased though the size of the largest follicles in the ovary is unchanged. The follicles in the treated rats are predominantly solid. These facts suggest that oestrogen stimulates the proliferation of the membrana granulosa. The atrophy of the interstitial cells of the ovary is not prevented.
The experiments reported in this paper amplify the observation (Williams 1940 ) that stilboestrol may prevent or retard the atrophy of the ovary that follows hypophysectomy. Previously it has only been thought possible to prevent this atrophy by the injection of anterior pituitary extracts or of gonadotrophic extracts of chorionic origin, while there has been no convincing evidence of ovarian stimula tion by oestrogen in the absence of the pituitary gland.
O varian stim ulation by oestrogens:
E f f e c t o f im p l a n t e d s t il b o e s t r o l
Method A large group of immature rats, weighing 50-60 g., were hypophysectomized; the operation was performed by the retropharyngeal method using ether anaes thesia. Some of the rats had a 15 mg. tablet of stilboestrol implanted subcutan eously in one flank at the same time. Five experimental and control rats were killed on the 1st, 2nd, 3rd, 4th, 5th, 10th and 15th days after hypophysectomy; their ovaries and uteri were dissected, fixed in Bouin's fluid and weighed after transference to 70 % alcohol. The ovaries were then cut in serial section and stained with Mayer's haematoxylin and eosin for histological examination.
Ovarian weight
The figures given in table 1 show that the ovaries of the control rats lost weight rapidly; those of the stilboestrol-treated rats, however, lost no weight even 15 days after operation.
T a b l e 1. Ov a r ia n w e ig h t i n im m a t u r e r a t s a f t e r h y p o p h y s e c t o m y AND IMPLANTATION OF STILBOESTROL TABLETS
m ean w eight of ovaries in m g. ± crm* significance of /------------------------* ----A difference betw een d ay s a fte r w ith w ith o u t control an d o p eratio n stilb o estro l stilboestrol experim ental f 1 7-8 ± 0 -9 5*9 ± 0-5 < 0-2 2 8-9 + 0-6 5-0 ± 0-5 < 0-01 3 9-2 ± 1-3 6-0 ±0-7 < 0-1 4 10-5 ± 0 -4 4-6 ±0*4 < 0-01 5 8-4 ± 1-4 3-0 ± 0-3 < 0-01 10 8-7 ± 0*9 3-3 ± 0-2 < 0-01 15 9-4 ± 0 -5 2-9 ±0-1 < 0-01
F iv e r a ts p e r g roup in all cases. M ean w eight of ovaries in tw e n ty n o rm al im m atu re ra ts = 8-2 ± 0-5. * crm = s ta n d a rd erro r of th e m ean . f C alculated according to F ish er (1938) .
Ovarian histology
The ovary of the intact immature rat (figure 1, plate 15) usually contains about fifty medium-sized follicles with well-developed antra. The maximum diameter of such follicles is about 400/t and every phase of follicular development between the primordial follicles and these medium-sized follicles is found in the ovary. The process of degeneration after hypophysectomy does not affect all parts of the ovary equally. The large antrum-containing follicles become atretic and disappear, as do the larger of the solid follicles; the primordial follicles, however, do not degenerate. The interstitial cells of the ovary also undergo degeneration in the absence of gonadotrophic stimulation; this is indicated by the wheel-cell arrange ment of their nuclear chromatin first described by Selye, Collip & Thomson (1933, I933_4) * The ovary of a rat 15 days after hypophysectomy is shown in figure 2, plate 15, illustrating those of the above degenerative changes which are demon strable at low magnification.
In the stilboestrol-treated hypophysectomized rat the ovary does not degenerate, but on the other hand it does not have an entirely normal appearance. The larger follicles appear to be more numerous, yet follicles with antra are relatively rare. This was confirmed when the total number of follicles in each ovary with a mean diameter greater than 200 yw as counted. The results of such quantitative histological data are given in table 2. The figures clearly demonstrate the follicular degeneration that follows hypophysectomy and show that the maximum follicular size and the number of the larger follicles are equally affected. In the stilboestrol-treated rats, on the other hand, the maximum follicular size remains the same as before operation and the number of follicles with a mean diameter of more than 200 yi s actually increased; the number antra is, however, lower than in the normal intact rat. Stilboestrol evidently interferes with normal follicular atresia. In the ovaries of the experimental group, atretic follicles are much rarer than in the ovaries of normal immature rats. The degeneration appears to be initiated at the periphery of the follicle where frag mentation and nuclear pyknosis appear. This may, however, be an effect of declining stilboestrol absorption. The simplest explanation of these findings is that the stilboestrol treatment stimulates proliferation of the membrana granulosa. This would account for the increase in the number of follicles larger than 200 in diameter and the relative decrease in the number of antrum-containing follicles. The numbers given in table 2 do not give an entirely accurate idea of this predominance of solid follicles -the majority of the vesicular follicles in the experimental rats only showed that fragmentation of the membrana, which is the preliminary step in the formation of the antrum. In the ovaries of the intact and hypophysectomized controls, the majority of the vesicular follicles contained well-defined antra. It cannot be decided on the evidence whether the antrum-containing follicles in the stilboestroltreated rats are follicles which were present at the time of operation, or are newly formed since the operation. The fact that there was no increase in the maximum diameter of the follicles, however, suggests that the initial size of the follicles is a limiting factor of some sort.
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T a b l e 2 . E f f e c t o f s t il b o e s t r o l im p l a n t a t io n o n t h e h is t o l
The blood supply of the ovaries was greatly increased in the rats receiving stilboestrol treatm ent: the interstitial-cell degeneration was not prevented.
Stilboestrol absorption
The tablets removed from the rats were dried and weighed. The average daily absorption of stilboestrol per rat in the 1-15 day groups was 2000, 920, 700, 625, 537, 307 and 257 mg. It is clear that the rapid absorption in the first 1-2 days gives a very exaggerated idea of the rate of absorption in the later days. This decrease in the rate of absorption is probably due to ghost formation (Folley 1942) . When allowance has been made for the 2 mg. absorbed in the first 2 days, the daily absorption from each tablet was 100-150/tg.; this figure makes no allowance for the weight of the ghost.
Survival and body weight
The implantation of the stilboestrol tablets had an adverse effect on the survival of the hypophysectomized rats so that a considerable number of rats had to be operated upon before five could be obtained still living 15 days after the operation. This adverse effect was reflected in the changes in the body weight of the rats. In the control groups, the average weight of the rats at death was, in all but one case (2-day group), greater than it was at the time of operation; in the 15-day group, the rats had gained 12 g. in weight. In the experimental groups, however, the average body weights at death were all lower (1-7 g.) than they were at operation.
D e l a y e d im p l a n t a t io n o f s t il b o e s t r o l
Method
Seventeen days after hypophysectomy a group of ten immature rats were implanted subcutaneously with 15 mg. tablets of stilboestrol. As the animals in the group died, their ovaries were dissected and weighed after fixation in Bouin's fluid and transference to 70 % alcohol. The ovaries were later sectioned for histological examination.
Ovarian weight The rats in this group died 4-21 days after the implantation of stilboestrol. The mean ovarian weight was 3*5 mg. (range 2*0-5*0 mg.). This weight was slightly greater than that of a group of untreated hypophysectomized rats killed 21 days after operation, but the weight of the ovaries before hypophysectomy was not regained.
Ovarian histology An ovary from one of these rats which died 22 days after hypophysectomy and 5 days after the implantation of the tablet, is illustrated in figure 4 , plate 15. This shows that some stimulation of the ovary has taken place, but that the stimulation is confined to those few medium-sized follicles which still persist 17 days after hypophysectomy. The average number of follicles per ovary with diameters greater than 200y was thirteen, nine of which were vesicular. These figures, when compared with those in table 2 for the rats killed 15 days after hypophysectomy, clearly show that some follicles have been stimulated and enlarged. This is also shown by the average diameter of the largest follicle in each ovary, which was 324 The finding of vesicular follicles in these ovaries is particularly interesting. A large number of them had well-defined antra, showing that the pituitary is not essential for antrum development. The maximum stimulation was present 7-14 days after the im plantation of the tablets. The fact that the primordial follicles are not stimulated shows that stilboestrol does not act as a true gonadotrophin. Since the stimulation is confined to the small number of undegenerated and moderately mature follicles, the smallness of the effect on the ovary weight is not unexpected. It is evident that the follicle stimulation produced by stilboestrol is dependent on the follicles having reached a certain stage of development and on their functional normality. The influence of the functional integrity of the ovary on its response to gonado trophic extracts has been pointed out elsewhere (Williams 1940; Rowlands & Williams 1943) .
Stilboestrol absorption and body weight
The average daily absorption of stilboestrol per rat was 287/^g. The average period during which the tablets were in situ was 10 days, so the absorption is about the same as it was in the rats implanted when they were hypophysectomized.
The average body weight of the ten rats was 47 g. at operation, 54 g. when they were implanted with stilboestrol 17 days later, and 45 g. at death.
Ovarian stimulation by oestrogens
E f f e c t o f a n t ig o n a d o t r o ph e st
It was possible that the effect of stilboestrol might be due to some synergistic action on the gonadotrophin present in the circulation when the pituitary was removed. If this were so, the stilboestrol action should be inhibited by injections of antigonadotrophin. In order to test this, Dr I. W. Rowlands supplied serum from a rabbit which had been chronically injected with an ox pituitary extract. A similar serum when injected into adult male rats (1 ml. twice daily) caused atrophy of the reproductive organs like that resulting from hypophysectomy (Rowlands 1937) . Such a dose should therefore be sufficient to neutralize any gonadotrophin present in the circulation of an immature rat.
In a preliminary experiment three rats received O'5 ml. of the serum on the morning and evening of the day on which they were hypophysectomized and implanted with stilboestrol, and 0-7 ml. on the evening of the 2nd day following. The ovaries of the rats 5 days after hypophysectomy weighed 5-5, 6*1 and 12-4 mg. In the main experiment five rats were hypophysectomized and implanted with stilboestrol, and given 1 ml. of the serum twice daily throughout. The weights of the ovaries of the three surviving rats when killed 5 days after operation were 7-9, 9-3 and 13-6 mg. The average number of follicles more than 200 in diameter in each ovary was 64 + 7. This increase over the normal average (P < 0-05) is not statistically significant according to my previous criterion above (P < 0-01) though this is hardly surprising in view of the few animals involved. The number was limited by the amount of serum available.
It is evident that the antigonadotrophin injections did not prevent the ovarian stimulation produced by stilboestrol, and it is therefore unlikely that the gonado trophin in the circulation plays any part in the phenomenon.
E f f e c t o f o e s t r o n e in j e c t io n s
The next stage of the investigation was the demonstration that natural oestrogens were as effective as stilboestrol, and the determination of the minimal effective dose. When 5 mg. tablets of oestrone were implanted in hypophysectomized rats the atrophy of the ovary was not prevented; presumably because the rate of absorption was too small. Method Groups of immature hypophysectomized rats were injected once daily with oestrone dissolved in sesame oil. All doses up to 100//g. were contained in 0-1 ml. of solution. Higher doses were given in the appropriate volume of 0*1 % solution. The injections were started on the day of hypophysectomy, and the animals killed 5 days later; at this time the ovary weights in untreated rats are significantly subnormal.
Ovarian weight The results given in table 3 show a gradation in the ovarian weights between those of uninjected and normal intact controls depending on the dose of oestrone injected. The ovaries of the 25jag. group are significantly heavier than those of the uninjected controls, and lighter than those of intact rats ( P < 0-01 in both cases). The ovaries of the 12*5 jag. group are not significantly heavier than those of the uninjected controls, nor are those of the 100 and 200 jag. groups significantly lighter than those of normal intact rats. A small group of rats was injected with higher doses of which three given 250 daily and two given 500 fig. daily survived 5 days. The average ovar the five rats was 10*0 mg., so there was no indication that increasing the dose above 200
T a b l e 3. E f f e c t o f d a i l y o e s t r o n e i n j e c t i o n s o n t h e o v a r ie s OF IMMATURE HYPOPHYSECTOMIZED RATS
fig. led to any increase in ovarian weight. Some rats injected daily with 100 or 200 fig. of oestrone were allowed to survive 10 or 15 days after operation. The ovary weights in these rats showed some decline; those in the rats receiving 100 fig. daily were 6-9 ± 0-4 (six rats) and 6T + 0-6 mg. (eight rats) after 10 and 15 days, and 8-8 + 0-8 mg. in ten rats killed or dying after 10 days treatment with 200 fig. These facts coupled with the observation that even 500 fig. of oestrone given for 5 days would not significantly increase the ovary weight where stilboestrol would, suggest that the maximum rate of absorption of oestrone has been reached. The failure of 100 or 200 fig. doses to maintain the ovary weight as long as 10 days may be due to the omission of injection on Sundays, double doses being given on Saturdays. The fall of ovary weight after hypophysectomy is so rapid that even one day with inadequate oestrogen stimulation may allow a significant fall in ovary weight difficult to recover.
Histology
The follicle counts recorded in table 3 (made on only one ovary from each rat) demonstrate the same changes as those following the implantation of stilboestrol tablets. It is interesting that even the 12-5 jug. dose, which produced ovaries not significantly heavier than those of the untreated control, caused a significant increase in the number of large follicles. The histological appearance of these ovaries clearly showed that stimulation has occurred even with this small dose of oestrone, and the predominance of solid follicles was unmistakable evidence of this. Again the number of large follicles in the rats injected with 50 fig. or more daily was significantly greater than that in intact controls, although the ovaries themselves were lighter than the control ones. It is thus apparent that ovarian stimulation can occur without being reflected in a gain in ovarian weight. A similar conclusion had already been reached in the experiments with delayed implantation of stilb oestrol. As a whole the histological appearance of the ovaries was the same as in the stilboestrol implanted rats. There is a slight difference, however, in that the number of vesicular follicles in the higher dose groups is the same as it is in the intact controls. It must be emphasized again that very few of these follicles have true antra, most of them only showing some degree of fragmentation of the membrana granulosa. This rather suggests that these follicles are the ones which con tained antra at the time of operation, but that these antra have been obliterated by the proliferation of the membrana granulosa. It is quite probable that the antrum is formed by the accumulation of the oestrogen-rich fluid secreted by the follicular cells. It may be presumed that this fluid is only formed by the follicular cells in response to gonadotrophic stimulation; oestrogen apparently merely stimulates proliferation of the granulosa cells without causing oestrogen secretion.
Ovarian stimulation by oestrogens T h e e f f e c t o f o t h e r o e s t r o g e n s g iv e n b y d i f f e r e n t m e t h o d s
The results of various experiments summarized in table 4 call only for brief comment.
Oestradiol benzoate was given subcutaneously to see whether this more slowly absorbed ester might make daily injections unnecessary. Apparently injections of 200
fig. every 2 days were sufficient to maintain the normal ovary weight for 5 days, but it can be seen that there was considerable individual variation, crm being higher than in corresponding tests with stilboestrol or oestrone. Intraperitoneal injections had no advantage, since a dose of dienoestrol sufficient to maintain ovary weight when given subcutaneously was insufficient when given intraperitoneally. The experiment carried out with dienoestrol tablets shows an apparent decline in effect when the tablet remained in place for 10 days. This may have been due to decreasing absorption, though this is not proved as the majority of the tablets broke up and could not be weighed when they were removed.
The experiments in which stilboestrol was given by subcutaneous injection demonstrate that it is by far the most active compound tested, and this is probably explained by its relatively rapid absorption. The ovaries of the rat given 100 fig. daily were significantly heavier than those of intact controls (P < 0-02). It may be mentioned here that the ovaries of the rats in the first experiment above which were killed 4 days after hypophysectomy and stilboestrol tablet implantation were also heavier than those of intact controls, the difference being on the borders of statistical significance (P < 0-05).
Two experiments, in which dienoestrol or stilboestrol was given orally, were con ducted by replacing the drinking water of the hypophysectomized rats with aqueous solutions containing 5 fig. of stilboestrol or 2*5 fig. of dienoestrol per solution was supersaturated and unstable; the suspension formed as it precipitated out was stable). The ovary weight was not maintained by either treatment. This was not unexpected since the daily absorption, though high on the first 1-2 days after operation (19-20 ml. per rat per day) soon declined, so that the daily intake of the two compounds was not above [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] Some of the ovaries in the oestradiol experiments were sectioned and examined without adding any information to that already obtained from the stilboestroltablet and oestrone-injection experiments. Apparently a comparatively high dose of oestradiol is necessary to stimulate the ovaries maximally since among the ovaries cut those of the animals receiving 200 fig. every 3 
D is c u s s io n
In the early years of the century some authors described ovarian stimulation produced by the injection of crude ovarian extracts, though none of these findings were confirmed when pure oestrogens became available. None of these workers however used such high doses as I have used. Until the effects of stilboestrol on the ovaries of hypophysectomized rats were described the only evidence for an action of oestrogen on the ovaries in the absence of the pituitary gland was that reported by Westman & Jacobsohn (1937) and Robson (1937 Robson ( , 1939 Robson ( , 1940 who showed that the natural oestrogens will maintain the corpus luteum of pregnancy in the rabbit even after hypophysectomy. This work cannot at present be related to the effects I have shown on the immature ovarian follicles.
Confirmation of the latter effects has been independently given by Pencharz (1940) who has demonstrated ovarian stimulation following stilboestrol implanta tion in immature hypophysectomized rats. His results differ in detail from mine in that he observed an increase in ovarian weight under this treatment, recording ovaries as heavy as 29 mg. This is not the only example of a greater sensitivity possessed by Pencharz's hypophysectomized rats when compared with my own, since he has reported (1939) ovaries weighing 350 mg. in hypophysectomized rats treated with large doses of pregnant mare's serum; no ovaries heavier than 120 mg. have been recorded in my own hypophysectomized rats, however high the dose of serum (Rowlands & Williams 1941) . I do not think it impossible that increases in ovary weight may be obtained since small increases on the limits of statistical significance have been recorded above. It is, however, unfortunate that Pencharz claimed that I had found increases similar to his, a misquotation that has been repeated fairly extensively by American authors.
Contributory evidence of ovarian stimulation by oestrogens based on observation of the mitoses in the mouse ovary following colchicine injections has recently been produced by W. S. Bullough. First, he has shown (1942a) that mitoses in the germinal epithelium are most numerous during post-ovulation oestrus and in that part adjacent to an ovulated follicle. He suggests that this is due to this part of the epithelium being bathed in the oestrogen-rich follicular fluid extruded at ovulation, a suggestion borne out by his observation (19426) that the mitoses in the membrana granulosa are most numerous in the inner layers adjacent to the antrum, and pro gressively decrease towards the periphery. Further experiments (1943) have shown that the mitotic activity of the germinal epithelium and ovary generally may be greatly increased by intraperitoneal injections of oestrone. Since the experiments were carried out on mice with intact hypophyses the influence of the pituitary cannot be ruled out, though the time relations involved do not suggest an indirect action. Bullough regards the fact that the oestrone injections have to be given intra-peritoneally ('bathing the ovary') to produce the effect as evidence of direct action, but he does not take into account the fact that intraperitoneal injections are often more rapidly absorbed than subcutaneous ones. My own material gives no striking evidence of stimulation of the germinal epithelium, but it is hoped that experiments using the colchicine technique may settle this point.
The high doses needed to demonstrate the ovarian stimulation raise the question as to whether the action is of physiological significance. It is true that the doses used are about a thousand times greater than those required to produce oestrus, but the following considerations go some way to explain this large difference. The administered oestrogen is acting on the cells which in the normal animal either produce, or are in direct contact with the cells that produce, oestrogen. Suppose the concentration of oestrogen in the blood necessary to produce oestrus is then the concentration in these cells is obviously higher, say ax. It is clear that in the absence of any oestrogen production in the hypophysectomized rat, a blood oestrogen concentration of a2x will be required to produce a concentration of ax in the ovarian cells. If a lies between 30 and 40, then the thousandfold difference in oestrogen dose is explained. I do not think such a difference is impossible when it is remembered that the above calculations assume an equal rate of diffusion into and out of the oestrogen-producing cells, and make no allowance for the more rapid destruction and elimination of oestrogen which must occur when the blood concentration is raised above the normal oestrus-producing level.
If oestrogens do play a part in the normal regulation of ovarian function it is, leaving aside the question of stimulation of the germinal epithelium raised by Bullough, evidently a secondary or intermediary one. The fact that the stimulation of the follicles is limited in extent and, as shown by the experiments in which the oestrogen treatment was delayed for some time after hypophysectomy, that it does not affect the primordial follicles shows that oestrogens are not gonadotrophic in the usual sense of that term. This does not, however, mean that they do not play an essential part. Experimental proof that this is so presents obvious technical difficulties, but it is hoped that further investigations will yield more detailed information as to the exact significance of the demonstrated effect, and prove or disprove its normal occurrence in the ovary. 
